inclusion of fibre. Traditionally, cellulose from the paper and pulp industry, and beet pulp from the sugar industry are used as standard fibre sources. The ingredient "cellulose" is a purified material, made after the digestion of wood chips and purification of the plant (tree) cell wall, which is bleached to produce a white powder (Dahl, 1884; Ververis, Georghiou, Christodoulakis, Santas, & Santas, 2004) . Beet pulp is the leftover fibrous material from the extraction of sugar from beets. Despite the nutritional benefits of both fibre sources (Fahey et al., 1990b (Fahey et al., , 1990a Sunvold, Hussein, Fahey, Merchen, & Reinhart, 1995) , many pet food companies are searching for novel ingredients to use as an alternative to these traditional ingredients.
In addition to the higher percentage of obese cats when compared to dogs, cats are also known to suffer from hairball regurgitation. While some people may think this is a normal condition, it can create other complications, such as hiatal hernias (Owen, Morris, & Bateman, 2005) , intestinal blockages (Barrs et al., 1999) , or fresh blood in the faeces and colonic mucosa inflammation (Cannon, 2013 ).
Some authors have tested different fibre sources, either included in the diet or supplemented in the meal, to aid the passage of hairballs from the stomach to the intestine. The methodologies, fibre sources and results have varied greatly (Armbrust, Hoskinson, Lora-Michiels, & Milliken, 2003; Dann, Adler, Duffy, & Giffard, 2004; Loureiro et al., 2017; Weber, Sams, Feugier, Michel, & Biourge, 2015) . Work reported by Lewis and Heaton (1999) showed that supplementation of plastic flakes could increase passage rate in human subjects; perhaps in a similar manner, the addition of an insoluble fibre to foods might also provide the stimulus necessary to move hairballs through to the intestine.
Miscanthus grass is a fibrous ingredient produced from the dried canes of Miscanthus giganteus. Different than cellulose and beet pulp, the fibrous portion of M. giganteus is the main product of this crop; thus, a fibrous ingredient produced from this grass would not be perceived as a by-product by consumers and might provide an alternative to traditional fibre sources. Other uses for Miscanthus have been explored such as cellulosic ethanol production (Adams, Winters, Hodgson, & Gallagher, 2018) , construction materials, paper pulping and as an absorbent (Visser & Pignatelli, 2001 ). However, this ingredient has not previously been tested in cat foods. Therefore, the objectives of this study were to determine the effects of Miscanthus grass addition in cat foods on nutrient digestibility and stool quality, and effects on hairball management when compared to cellulose-and beet pulp-containing diets.
| MATERIAL S AND ME THODS

| Ingredients and dietary treatments
For the digestibility experiment diets containing three different fibre sources [cellulose (Fairview Mills, Seneca, KS), beet pulp (Fairview Mills, Seneca, KS) and Miscanthus grass (Renew Biomass, Springfield, MO)] were formulated to simulate a commercial weight management diet and contain equal amounts of the fibre sources (Table 1) . Three batches of each diet were mixed separately in a paddle mixer (140 kg capacity). For the production of the diets, a single screw extruder (model E525, Extru-Tech, Seneca, KS) was used. Extrusion took place over three different days wherein one batch of each experimental diet was processed in each production day. After extrusion, kibbles were dried in a convection oven at 115.5ºC until the moisture was less than 10%. Fibre sources were analysed for their fibre content by standard methods (moisture, AOAC 930.15; crude fibre, AOAC 962.09; acid detergent fibre and acid detergent lignin, van Soest, 1963; neutral detergent fibre, Van Soest & Wine, 1967; total dietary fibre, Prosky et al., 1985;  insoluble and soluble fibre, Prosky, Asp, Schweizer, DeVries, & Furda, 1988) . Additionally, particle size of the fibre sources was analysed using the standard procedure by the American Society of Agriculture and Biological Engineers (ASABE, 2008; method S319.4) . Cat foods were analysed for dry matter, crude protein, crude fat, ash, crude fibre, total dietary fibre and gross energy following the same analytical methods. For the hairball experiment, two dietary treatments were produced: control (COH) and Miscanthus grass (MGH). The inclusion level of Miscanthus grass was 10% and it was replaced by rice flour in the control diet at the same concentration (Table 6 ). The inclusion of Miscanthus grass and rice flour was chosen to produce two cat foods with high and low dietary fibre content respectively. Extrusion and drying conditions were similar to the diets for the digestibility study.
TA B L E 1 Ingredient composition of experimental diets
Flavour enhancer was added at 1.5% to ensure better palatability and avoid food refusals.
| Digestibility study
The experimental procedure for the digestibility trial was approved by the Kansas State University Institutional Animal Care and Use Committee (IACUC protocol number 3669). For this study, 12
American shorthair cats were used (eight males and four females, average weight 4.59 kg ± 0.42 kg, average body condition score 5.04, average 2.26 ± 1.30 years old). Cats were kept in a room with controlled temperature (22°C ± 1°C), with a 12 hr light cycle (7:00 a.m. to 7:00 p.m.) and evaluated for weight and body condition score (Laflamme, 1997) at the beginning and end of each collection period. Food allowance was controlled for the cats to maintain body weight throughout the duration of the experiment. Each collection period was composed of 9 days of adaptation, wherein the cats were group housed but fed individually. During the adaptation phase, cats were fed at 8:00 and 16:30 with access to food for 1 hr. During the adaptation periods, some of the cats refused to eat the experimental diets. In those cases, an additional 0.5% of flavour enhancer was added topically to the food and was sufficient to stimulate food consumption. After the 9 days of adaptation, the cats were housed individually in stainless steel cages for 5 days of total faecal collection (TFC). During the collection phase, food was provided at 8:00
and 16:30 with 1 hr access to food and faeces were collected daily before and after the feeding. Orts were collected and weighed to compute food intake. After collected, faecal samples were scored on a 1-5 scale in 0.5 increments (1-liquid diarrhoea to 5-dry hard pellets; Carciofi et al., 2008) and stored in a plastic bag in a freezer until further processed.
At the end of each collection period, wet faecal samples were weighed and placed in an aluminum pan to thaw. Once thawed, samples were placed in a convection oven at 55°C until dry to touch, and sample weight was recorded. Next, the samples were ground to pass a 1-mm screen using a laboratory scale grinder (Retsch ZM200, Germany (Prosky et al., 1985) . All sample analysis were done in duplicates, with the exception of the TDF analysis, which was done in triplicates. If the variation between duplicates or triplicates was higher than 5%, the sample analysis was repeated.
| Hairball study
The experimental procedure for the hairball trial was approved by the days the animals were individually housed in stainless steel cages, fed and faeces were collected. Faecal samples were stored in plastic bags and frozen until processed. During this evaluation, one of the cats refused to eat even with the addition of additional flavour enhancer and was removed from the trial.
The cats were brushed with 100 strokes of a brush designed for short hair cats (Furminator ® , Blacksburg, VA) before the start of the experiment and at the end of each experimental period. Before sample processing, faeces were weighed. A sub-sample of faeces was collected and analysed for moisture (AOAC 930.15 ). The remainder of faeces were placed into an aluminum pan and soaked overnight in water to soften the material and facilitate the separation of the hair mass without disrupting the entangled hair clumps. Next, the water was drained by pouring the sample and water into a wire mesh strainer.
The remaining faecal material was removed with water using a squirt bottle. After the hair clumps were separated from the faeces, they were measured for length and diameter using a digital caliper. Once measured, each mass was placed in a pre-weighed aluminum pan for determination of dry hair weight by oven drying at 105°C overnight.
The remaining hair in the strainer was placed in an aluminum pan, dried and weighed as previously described for the hair clumps. This weight was considered the amount of hair that was mixed with the faeces rather than in a hair clump. and extra-large (>40.0 mm × > 5.0 mm). Just one hairball was regurgitated by one cat; thus, no statistical analysis was performed for hairball incidents; this cat was on the control diet. In addition to the hair clumps characterization, diets were analysed for total dietary fibre (Prosky et al., 1985) and insoluble fibre (Prosky et al., 1988) .
Soluble fibre content was estimated by subtracting the insoluble
fibre content from the total dietary fibre (Fahey, Novotny, Layton, & Mertens, 2018) .
| Experimental design and statistical analysis
The digestibility experiment was performed as a replicated 3x3 Latin Square design, wherein the row factor was the dietary treatments, the column factor was the periods, and cat was the experimental unit. Within each period, the 12 cats were randomly assigned to each dietary treatment. No cat ate the same food twice. Data were analysed using statistical software via the general linear model procedure for mixed models (GLMMIX procedure in SAS; v. 9.4). The square, period and cat nested within square were considered as random factors. In addition, a t test (TTEST procedure, SAS, v. 9.4) was used to test whether the treatment means for faecal scores were similar to the ideal score of 3.5. Treatment means were considered different when alpha was smaller than 5% and trends were considered significant when p-value varied from 0.05 to 0.10.
The hairball feeding trial was performed as a replicated switchback design. Within each period, the 12 cats were randomly assigned to each dietary treatment. No cat ate the same food twice.
The cat was the experimental unit and considered as random factors for the statistical analysis. Data were analysed using the general linear model procedure for the mixed models (GLMMIX procedure in SAS; v. 9.4). Treatment means were considered different when alpha was smaller than 5% and trends were considered significant when p-value varied from 0.05 to 0.10.
| RE SULTS AND D ISCUSS I ON
| Digestibility study
Nutrient compositions of diets were similar and small differences in concentration of crude protein, crude fat, gross energy and ash were related to differences in the composition of the test fibre sources (Tables 1 and 2 the composition of the raw materials used for the production of these two ingredients. Cellulose is derived from the paper and pulp industry. During production, wood chips are digested and all the cellular content from the trees are removed with the exception of the cellulose (Dahl, 1884) . Conversely, the raw materials for the production of Miscanthus grass only go through a grinding step.
Thus, since no purification step occurs, the concentration of other plant components is much higher in Miscanthus grass than in cellulose. This results in higher concentrations of lignin (13.68% vs.
0.73%, respectively, for Miscanthus grass and cellulose). Finally, beet pulp is the material remaining after sugar extraction from sugar beets. In this case, the soluble fibre content of beet pulp is about 3.5 times higher than Miscanthus grass and 10 times higher than cellulose.
Cats maintained weight and body condition score throughout the duration of the digestibility experiment. Food intake was similar among treatments (average 76.1 g per day per cat; (Fahey et al., 1990a) .
Apparent nutrient digestibility was estimated using TFC. Cats fed BPD had a higher dry matter, organic matter, gross energy and total dietary fibre digestibility than cats fed other dietary treatments (p < .05; Table 5 ). In contrast, cats fed CED had a higher crude protein digestibility than cats fed BPD (86.1% vs. 84.2% respectively) or MGD (85.8%; p = .0567). Crude fat digestibility was lower for cats fed MGD than cats fed the other two treatments (p < .05, Table 5 ).
The total dietary fibre digestibility of CED was the lowest of all dietary treatments, which is a good indication of the low utilization of this fibre source by the colonic micro-organisms. , Sunvold, Hussein, et al. (1995) was poorly fermented and generated very small amounts of fermentation end products compared with other more fermentable fibre sources.
The higher dry matter, organic matter, gross energy and total dietary fibre digestibility of BPD can be attributed to its fibre composition, because the soluble fibre is better utilized by the bacteria in the colon and fermented to various end products (lactate, acetate, propionate, butyrate, valerate, H 2 , CO 2 and methane). This is similar to the relationship reported by Sunvold, Hussein, et al., 1995; and Cutrignelli et al., 2009 . In these cases, the undigested and unabsorbed digesta enter the colon and are fermented, the organic matter is transformed into fermentation end products and microbial mass. As a result, less material is excreted by the cat and an increase in digestibility is observed. Additionally, microbial protein and fats are eliminated through the faeces, thereby resulting in a decrease in crude protein and crude fat digestibility. In this study, crude protein digestibility was lower for cats fed BPD.
However, the crude fat digestibility was not affected by dietary beet pulp. Similar to this work, Muir, Murray, Fahey, Merchen, and Reinhart (1996) (Table 3) . Lignin can bind bile acids which in turn become unavailable to aid in fat digestion. This has been previously reported in the literature (Dongowski & Ehwald, 1999; Pandolf & Clydesdale, 1992) . However, to the authors' knowledge, Miscanthus grass bile acid-binding properties were never tested.
| Hairball study
Ingredient composition of experimental diets was similar to the diets from the digestibility experiment, with the exception of a higher inclusion of flavour enhancer, and the use of rice flour as a replacement for Miscanthus grass in the control diet (Table 6 ). In this case, flavour enhancer was added at a higher level to avoid food refusals; however, one cat had to be removed from the experiment since it would not eat the food. Cats are known to be finicky, and this was the first experience this colony of cats had with foods other than standard commercial diets. Nutrient compositions of both diets were similar except for the crude fibre, and total dietary fibre contents of MGH were higher than the COH (Table 7) .
Cat body weight was maintained throughout the duration of the experiment and food intake, defecation frequency and faecal DM were similar between dietary treatments ( (Table 7) .
It is important to understand how hairballs are formed in cats.
Hairball formation is common among other animals other than cats (dogs-Cannon, 2013 , rabbits-Gillett, Brooks, & Tillman, 1983 , horses-Turner, 1986 , beef calves-Abutarbush & Radostits, 2004 , lemur-Janssen, Robinson, & Meier, 1979 Canadian lynx-Kottwitz & Munsterman, 2013; and cougar -Langohr, Ramos-Vara, Wu, & Froderman, 2006) . Despite reports of occurrence in other species, it is most concerning in domestic cats. In addition, long-haired cats were twice as likely to vomit a hairball than short-haired cats (Cannon, 2013) . However, these results are based on cat owner surveys; therefore, they lack the necessary scientific evidence to support this observation.
The formation of hairballs in the stomach has been thought to be a combination of three factors: behaviour, anatomy and physiology. According to Panaman (1981) , the cat spends about 25% of their awake time grooming themselves or other cats. This considerable amount of time contributes to hair ingestion by the animal. In addition, the cat's filiform papillae have several hook-like barbs facing the back of the oral cavity (Cannon, 2013) . As a result, the conformation of the papillae facilitates hair ingestion. Lastly, cats have a different fasting gastrointestinal contraction type than most other mammals called the migrating spike complex (De Vos, 1993) . These fasting contraction patterns are considered important to move any type of undigested material in the upper portions of the gastrointestinal tract to the large intestine. The migrating spike complex starts at the duodenum and moves to the ileum (Bebchuk, 2002) . Because there are no fasting contractions in the stomach (De Vos, 1993) , the hair accumulates. In most cases, these hairballs are small and pass to the duodenum; however, in some cases, they can be regurgitated or cause blockages in the gastrointestinal tract (Barrs et al., 1999) .
In an attempt to increase the passage rate and stimulate gastric contraction, fibres have been added to cat foods to aid in hairball passage to the duodenum (Dann et al., 2004; Davenport, Sunvold, Reinhart, & Hayek, 2008, Patent no. 7,425,343 B2; Loureiro et al., 2017 TA B L E 8 Average body weight, food intake, defecation frequency, faecal score, wet faecal output, and faecal dry matter (mean ± standard error of the mean) of cats fed diets with different fibre content
In addition, it is important to highlight that Loureiro et al. (2017) did not specify if the cats in this experiment were prone to hairballs (short-haired cats). Finally, Armbrust et al. (2003) reported no effect of fibre content in extruded cat food on transit time; however, the authors found that round kibbles increased passage rate compared with triangular kibbles. Despite the variability on the results, there could be a potential benefit of increasing gastrointestinal motility by increasing dietary fibre content. Lewis and Heaton (1999) reported that the supplementation of (human) foods with plastic flakes increased passage rate by 24% compared with no supplementation.
The cats used in this trial were shorthaired without a history of hairball incidents. That creates a greater hurdle to evaluate the diet effects. As a result, the responses evaluated were the hair clumps in the faeces. Hair clump count, hair clump count per cat per day, hair clump size and total hair clump weight were similar between treatments (p > .05; Table 8 ). These results corroborate with the initial observation that hair turnover was similar between the two experimental periods and treatments.
Despite the lack of differences in faecal hair clump traits, hair retained in the strainer tended to be higher for cats fed MGH compared with COH. This result, in addition to the similar hair turnover between treatments, may be an indication that the addition of insoluble fibres to the diet improves motility and may aid in breaking down or prevent formation of the hair clumps. Total faecal hair weight tended to be lower for cats fed COH. When considering the amount of hair in the faeces in relation to the faecal output, cats fed MGH had a lower total hair weight per gram dry faecal weight and less hair clumps per gram of dry faecal weight (p < .05; Table 8 ).
While this result was unexpected, it may be an indication that more digesta passing through the gastrointestinal tract could aid in more regular movement of the hairballs to the duodenum.
Differently than the results here reported, Loureiro et al. (2014) reported that there was a linear decrease in small and medium size trichobezoars when cats were fed increasing levels of sugarcane fibre supplemented diets. Additionally, these authors reported that there was a decrease in trichobezoar mass excretion when cats were fed diets with sugarcane fibre. However, no effects were reported when the animals were fed the cellulose-containing diet. The
Miscanthus grass diet used in the present study had the same inclusion level (10%) and similar particle size (103 µm) than the cellulose used by Loureiro and co-workers (10% inclusion, 112 µm). The larger particle size of sugarcane fibre (188 µm) could be what promoted the different results. Therefore, a future study should evaluate the particle size effects on the hairball elimination.
| CON CLUS ION
The addition of insoluble fibre sources to cat foods may decrease digestibility. However, there may be an increase in faecal output as a result. Miscanthus grass had similar digestibility coefficients to cellulose, indicating that Miscanthus grass could be a viable alternative to cellulose in cat foods. Furthermore, the addition of Miscanthus grass to cat foods with the purpose of hairball management may be beneficial, but further investigation is needed. This provides a rationale for additional work to determine whether greater particle size for Miscanthus grass in long-hair cats prone to hairballs may provide benefits.
